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Bromothiazole (8) were charged in a Schlenk flask. It was then evacuated and backfilled three times with N 2 and then anhydrous degassed dioxane (2.0 mL) was added and the reaction mixture was stirred at 110 °C in a preheated oil bath for 1 hour. Then the mixture was cooled to room temperature and chloropyridine (5) (170 mg, 0.50 mmol), freshly dried K 3 PO 4 (531 mg, 2.50 mmol), degassed dioxane (0.5 mL) and degassed water (0.5 mL) were added and the mixture was stirred at 110 °C for further 14 hours. Then the mixture was filtered through a Celite® pad and washed with EtOAc. Water was added and the aqueous layer was extracted three times with EtOAc. The combined organic layers were washed with water brine, dried over anhydrous Na 2 SO 4 and concentrated in vacuo. The crude product was purified by flash chromatography on silica gel (eluent: petroleum ether/EtOAc, 1:1 to 3:7) affording 10 (213 mg, 0.49 mmol, 99%) as a colorless solid.
mp = 227-228 °C (decomposition).
IR (ATR diamond): 3440, 3270, 3180, 3080, 2970 (ATR diamond): 3440, 3270, 3180, 3080, , 2930 (ATR diamond): 3440, 3270, 3180, 3080, , 1710 (ATR diamond): 3440, 3270, 3180, 3080, , 1690 (ATR diamond): 3440, 3270, 3180, 3080, , 1240 CyJohnPhos (7.3 mg, 0.021 mmol) and freshly dried KOAc (25 mg, 0.26 mmol) were charged in a Schlenk flask. It was then evacuated and backfilled three times with N 2 and then anhydrous degassed dioxane (0.45 mL) was added and the reaction mixture was stirred at 110 °C in a preheated oil bath for 1 hour. Then the mixture was cooled to room temperature and chloropyridine (7) (47 mg, 0.10 mmol), freshly dried K 3 PO 4 (111 mg, 0.52 mmol), degassed dioxane (0.11 mL) and degassed water (0.11 mL) were added and the mixture was stirred at 110 °C for further 14 hours. Then the mixture was filtered through a Celite® pad and washed with EtOAc. Water was added and the aqueous layer was extracted three times with EtOAc. The combined organic layers were washed with water brine, dried over anhydrous Na 2 SO 4 and concentrated in vacuo. The crude product was purified by flash chromatography on silica gel (eluent: petroleum ether/EtOAc, 6:4) affording 9
(47 mg, 0.087 mmol, 82%) as a colorless solid. 
Synthesis of chiral thioamide 16 a) (2S,3S)-Ethyl 2-(benzyloxycarbonylamino)-3-hydroxy-3-phenylpropanoate (13).
To a stirred solution of azide 12 (2.4 g, 10.2 mmol) in a mixture of dioxane/H 2 O (1:3, 80 mL) at 0 °C was slowly added tin(II) chloride dihydrate (11.5 g, 50.1 mmol). Then the mixture was allowed to warm to room temperature and stirred for 5 hours. The mixture was then carefully treated at 0 °C with a saturated aqueous NaHCO 3 solution to reach pH 8-9 after which benzyl chloroformate (2.2 mL, 15.0 mmol) was added. The mixture was stirred at room temperature for further 18 hours.
Then the mixture was carefully hydrolyzed with HCl (3N), filtered through a Celite® pad. The filtrate was extracted three times with EtOAc. The combined organic layers were washed with brine, dried over anhydrous Na 2 SO 4 and concentrated in vacuo. The crude product was purified by flash chromatography on silica gel (eluent: petroleum ether/EtOAc, 9:1 to 7:3) affording 13 (3.9 g, 11.6 mmol, 96%) as a white solid.
mp 74-75 °C.
[α] D 20 63.3 (c 3.04, CHCl 3 ).
IR (ATR diamond): 3330, 3070, 3040, 2980 (ATR diamond): 3330, 3070, 3040, , 2960 (ATR diamond): 3330, 3070, 3040, , 2900 (ATR diamond): 3330, 3070, 3040, , 1740 (ATR diamond): 3330, 3070, 3040, , 1690 (ATR diamond): 3330, 3070, 3040, , 1540 , 7.71; N, 3.06. Found: C, 65.65; H, 7.67; N, 3.51. S13 c) (2S,3S)-2-(Benzyloxycarbonylamino)-3-(tert-butyldimethylsilyloxy)-
3-phenylpropanoic acid (15).
To a stirred solution of ester 14 (2.50 g, 5.46 mmol) in a mixture of DME/H 2 O (1:1, 30 mL) at 0 °C was added lithium hydroxide monohydrate (0.32 g, 7.64 mmol). Then the mixture was allowed to warm to room temperature and stirred for 72 hours. The mixture was then carefully treated at 0 °C with HCl (3 N). The aqueous layer was extracted three times with EtOAc. The combined organic layers were washed with brine, dried over anhydrous Na 2 SO 4 and concentrated in vacuo. The crude product was crushed with pentane and filtered to afford 15 (2.22 g, 5.17 mmol, 96%) as a white solid.
mp 55-56 °C.
[α] D 20 61.2 (c 0.97, CHCl 3 ). 
IR
To a stirred solution of acid 15 (2.15 g, 5.00 mmol) in anhydrous THF (25 mL) at 0 °C were added DCC (1.28 g, 6.21 mmol) and N-hydroxysuccinimide (0.71 g, 6.21 mmol). The mixture was allowed to warm to room temperature and stirred for 16 hours. Then the mixture was filtered through a Celite® pad and concentrated in vacuo. The resulting residue was dissolved in AcOEt (25 mL) and cooled to 0 °C. An ammonium hydroxide solution (30% in H 2 O, 7 mL) was slowly added then the mixture was allowed to warm to room temperature and stirred for 3 hours. Then the aqueous layer was extracted three times with EtOAc. The combined organic layers were washed with water, brine, dried over anhydrous Na 2 SO 4 and concentrated in vacuo. To a stirred solution of crude amide in anhydrous DME (13 mL) was added the Lawesson's reagent (1.3 g, 3.26 mmol) and the mixture was stirred at room temperature for 36 hours before it was filtered through a Celite® pad and concentrated in vacuo. The crude product was purified by flash chromatography on silica gel (eluent: petroleum ether/Et 2 O, 9:1 to 1:1) affording 16 (1.60 g, 3.60 mmol, 72% over three steps) as a white solid.
mp 75-76 °C.
[α] D 20 22.3 (c 0.98, CHCl 3 ).
HPLC:
Chiralpak IA (heptane/isopronol, 7/3), λ = 254 nm, 1 mL.min
1
. t R = 4.80 min. ee > 99%.
IR (ATR diamond): 3300, 3200, 3070, 3040, 2950 (ATR diamond): 3300, 3200, 3070, 3040, , 2930 (ATR diamond): 3300, 3200, 3070, 3040, , 2890 (ATR diamond): 3300, 3200, 3070, 3040, , 2850 (ATR diamond): 3300, 3200, 3070, 3040, , 1700 (ATR diamond): 3300, 3200, 3070, 3040, , 1630 C, 62.12; H, 7.25; N, 6.30. Found: C, 61.83; H, 7.40; N, 6.66. S15 3. Synthesis of heterocyclic core of D-series GE2270
To a stirred solution of ketone 9 (40 mg, 0.074 mmol) in anhydrous CH 2 Cl 2 (0.4 mL) at 0 C were 
To a stirred solution of enol previously prepared (40 mg, 610 mol) in anhydrous THF (2 mL) at 0 °C was added N-bromosuccinimide (11 mg, 61 mol) and the mixture was stirred for 1 hour. To a stirred solution of thioamide 16 (22 mg, 49 mol) in anhydrous DMF (2 mL) at 20 °C were added MS 4° (40 mg) and bromoketone 17 (25 mg, 40 mol). The mixture was allowed to warm to 0 °C and was stirred at this temperature for 14 hours. Then the mixture was filtered through a Celite® pad and concentrated in vacuo. The crude product was purified by flash chromatography on silica gel (eluent: petroleum ether/EtOAc, 9:1 to 1:1) affording the title compound (31 mg, 31 mol, 78%) which was dissolved in anhydrous DME (1 mL) and cooled at 40 °C before 2,6-lutidine (50 L, 0.40 mmol) and trifluoroacetic anhydride (20 L, 0.15 mmol) were added. The mixture was allowed to warm to 20 °C and stirred at this temperature for 12 hours. Then NEt 3 was added until pH 8-9, water was added and the aqueous layer was extracted three times with CH 2 Cl 2 . The combined organic layers were washed with brine, dried over anhydrous Na 2 SO 4 and concentrated in vacuo. The crude product was purified by flash chromatography on silica gel (eluent: petroleum ether/EtOAc, 95:5 to 8:2) affording 18 (26 mg, 27 mol, 85% over two steps) as a yellow solid.
mp 119-120 °C.
[α] D 20 10.2 (c 1.05, CHCl 3 ).
HPLC:
Chiralpak IA (heptane/isopronol, 8/2), λ = 254 nm, 1 mL.min
1
. t R (major) = 27.86 min, t R (minor) = 32.81 min. ee > 99%, dr = 92:8.
IR (ATR diamond): 3430, 3330, 3120, 3050, 3020, 2960 (ATR diamond): 3430, 3330, 3120, 3050, 3020, , 2930 (ATR diamond): 3430, 3330, 3120, 3050, 3020, , 2900 (ATR diamond): 3430, 3330, 3120, 3050, 3020, , 2860 (ATR diamond): 3430, 3330, 3120, 3050, 3020, , 1710 (ATR diamond): 3430, 3330, 3120, 3050, 3020, , 1500 (ATR diamond): 3430, 3330, 3120, 3050, 3020, , 1370 (ATR diamond): 3430, 3330, 3120, 3050, 3020, , 1330 (ATR diamond): 3430, 3330, 3120, 3050, 3020, , 1250 (ATR diamond): 3430, 3330, 3120, 3050, 3020, , 1200 (ATR diamond): 3430, 3330, 3120, 3050, 3020, , 1160 (ATR diamond): 3430, 3330, 3120, 3050, 3020, , 1100 
